The field of tumor immunology has undergone a significant scientific evolution during the last decade. We now know that human cancer is immunogenic, and we have identified a multitude of tumor-related proteins that stimulate immunity in cancer patients. Highly quantitative and reproducible methods for measuring immunity have been developed and have allowed a more complete delineation of the tumor-associated immune response. Functional antitumor immunity requires a response initiated by potent antigen-presenting cells, such as dendritic cells, and the engagement of a variety of effector cells-not only cytotoxic T cells, but also T-helper cells and B cells, which initiate antibody immunity. Finally, mechanisms of immune escape increasingly are being determined. Cancer evasion of the immune system is not only related to immunosuppressive factors secreted by the tumor and surrounding stroma, but is also aided by the fact that most tumor antigens are self-proteins. Self-proteins, as cancer antigens, impede the generation of robust immunity via toleragenic mechanisms, such as the elaboration of T-regulatory cells, which function to prevent autoimmunity and limit inflammation. The result of these advances in the laboratory is the development of immunotherapeutic strategies that are targeted, are tailored for specific disease burdens, and directly address mechanisms of immune system failure. The studies presented in this issue of the Journal of Clinical Oncology represent the diversity of clinical applications that are now possible when contemplating immune-based strategies for cancer patients.
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There is abundant evidence that tumor-specific immunity is present even in early-stage cancers. Human antibodies specific for tumor-related proteins, which are used to probe expression libraries developed from tumor cells, are an effective tool for identifying antigens. 1 Recent data suggest that antibody immunity is so prevalent in cancer patients that an immunologic signature that would predict those who will develop cancer can be identified. 2 Screening sera from prostate cancer patients and controls against 22 immunogenic peptides derived from prostate cancer tissue was a more sensitive test than the measurement of serum prostate-specific antigen levels for discriminating individuals with cancer from controls. Furthermore, evidence of an adaptive immune response at the site of a tumor has been shown to impact prognosis. Zhang et al 3 demonstrated that infiltrating T cells observed in ovarian cancer tumors could be characterized as intratumoral or stromal. Those patients with T cells clearly invading the tumor bed had a significantly improved prognosis as compared with individuals whose T-cell infiltrates were located in the stroma. This survival benefit transcended optimal surgical debulking, a critical outcome predictor in ovarian cancer. Analysis of inflammatory infiltrates in non-small-cell lung cancer, presented in this issue of the Journal, demonstrates striking similarities to the observations in ovarian cancer, albeit with a measure of an innate immune response: the macrophage. 4 Macrophage infiltrates could be detected in both tumor islets and the tumor stroma of non-small-cell lung cancers. Increasing macrophage density in tumor islets was an independent favorable prognostic indicator, whereas increasing macrophage stromal density was an independent predictor of reduced survival. The survival benefit associated with macrophage-infiltrating tumor cell islets was discernable even in those patients who had an incomplete resection of their tumor. These patients had a longer survival than those patients whose tumors were completely resected and had evidence of only low intratumoral macrophage infiltration. Such studies lay the foundation for diagnostic and prognostic approaches utilizing endogenous tumor-specific immunity and may ultimately help identify clinically important immunologic pathways that could lead to effective antitumor therapies.
The role of the tumor microenvironment in dampening developing immunity cannot be overstated. Cytokines and chemokines elaborated by the tumor and stroma, suppressive antigen-presenting cells in the bed of the tumor, and other substances in the tumor environment that limit potentially productive inflammation all impact the efficacy of tumor immunotherapy. 5, 6 Several articles in this issue focus on the use of immunotherapy integrated with more standard forms of treatment. The integration of biologic therapies with conventional approaches may enhance tumor cell kill via a variety of mechanisms. Chemotherapy has been shown to potentially reduce the number of T-regulatory cells in the environment, promote the expansion of tumor specific memory T cells, and enhance the expression of immune-recognition molecules on the surface of the tumor cell. 7 In addition, the type of cell death elicited by different chemotherapies, apoptotic versus nonapoptotic, may impact immunity induced by the dying tumor cell. 8 In the past, conventional wisdom dictated that cytotoxic chemotherapy was immunosuppressive. Immune-based cancer therapies were evaluated frequently in more advanced stage patients who no longer responded to or needed chemotherapy. The results of these studies were often disappointing and not associated with significant clinical improvement. The use of chemobiotherapy will allow cytolytic reduction of tumor burden that, in itself, may augment endogenous immunity. Combination strategies that aim to systemically enhance the immune response and directly modulate the tumor microenvironment via more standard agents may provide a ''hit'' to the cancer cell along separate and nonredundant pathways, thus optimizing cell kill.
As the tumor grows, the ability of the immune system to overcome the cancer fades. A recent comprehensive review of multiple studies of active immunization in advanced-stage melanoma patients demonstrated that vaccines resulted in a clinical response rate much less than 10% in most studies. 9 Vaccine approaches have been developed to address multiple mechanisms of potential immune failure. The study in this issue by van Baren et al targeted an antigen broadly expressed in melanoma, MAGE, and involved immunizing patients with advanced-stage melanoma. In addition, the antigen was delivered via a recombinant canary pox vector that would allow intracellular delivery of the specific epitopes, processing via the class I pathway, and the generation of cytotoxic T cells. Although the vaccine focused on a common antigen and utilized a state-of-the-art immunization platform, tumor-specific cytotoxic immunity was detected in only a minority of patients. Furthermore, clinical responses were rare. Such data have resulted in a re-evaluation of the role of cancer vaccines in the treatment of progressive cancer. Clinical trials of therapeutic cancer vaccines are now being designed to target minimal residual disease with the overall goal of determining whether active immunization can be used to prevent disease relapse, and this approach appears promising. 10, 11 Clearly, cancer can be prevented via immunologic manipulation. The use of either an HPV-16 vaccine or a quadrivalent HPV (-6, -11, -16, -18) vaccine resulted in remarkable protection against the development of cervical cancer in sexually active young adults. 12, 13 The combination of targeting vaccines to low-burden disease or high-risk populations as well as using newer vaccine technologies to make self-tumor proteins appear more dangerous to the immune system, as dangerous as a virus, will certainly optimize clinical results.
Immunotherapeutic strategies can also be developed for refractory advanced stage disease. Adoptive T-cell therapy involves the ex vivo expansion of tumor-specific T cells to large numbers and infusion of those T cells into patients. This type of approach can achieve levels of immunity that cannot be reached via active immunization alone. In this issue, Comoli et al demonstrate that treatment of nasopharyngeal carcinoma with EBV-specific T cells is feasible and potentially useful in controlling disease progression. 14 Other studies have shown the utility of T-cell transfer in melanoma.
15 Competent tumorspecific T cells are capable of mediating an antitumor response and persisting for an extended period in vivo. Over the next several years, we will continue to see immunotherapeutic strategies being applied to the clinic, based on the level of tumor burden the immune system will need to eradicate. More rational clinical applications, coupled with treatment strategies based on immunologic scientific advances, are likely to result in immune therapies that improve clinical outcomes for cancer patients.
The last decade of both basic and clinical research in the field of tumor immunology has brought us to a crossroads where the bench and the bedside merge. The most important studies over the next several years will be the ones that evaluate immunologic principles in the patient by analyzing both clinical responses and therapeutic mechanisms of action. Only then will clinical trials of immunotherapy advance into standard clinical practice.
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